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SYSTEM FOR COLLECTING WORtD-WIDE LOWER THERMOSPHERE DATA 

Francis  S.  Johnson 
Southwest Center f o r  Advanced Studies  

Dal las ,  Texas 

Abstract  

To ob ta in  lower thermospheric da ta  on a world-wide bas i s ,  l o g i s t i c a l  

cons idera t ions  d i c t a t e  t h a t  a s a t e l l i t e  system be used r a t h e r  than rockets .  

A p a i r  of s a t e l l i t e s  i s  needed, with their  o r b i t s  a t  r i g h t  angles  t o  one 

another ( i . e . ,  separated by s ix  hours i n  l o c a l  t i m e ) ,  t o  give s a t i s f a c t o r y  

time reso lu t ion .  The o r b i t s  should have high inc l ina t ion ;  97 i n c l i n a t i o n  

(i.e., 83 re t rograde)  i s  des i r ab le  so t h a t  the  l o c a l  t i m e  of observation 

remains fixed as the  o r b i t s  precess ,  As low an a l t i t u d e  should be u t i l i z e d  

as is p r a c t i c a l  from the  vehic le  viewpoint (about 200 km i f  poss ib le ) .  The 

most important measurements a r e  composition, a i rglow,  and t o t a l  dens i ty ;  a 

0 

0 

spinning s a t e l l i t e  with i t s  sp in  a x i s  perpendicular t o  the  o r b i t  plane should 

be used t o  permit the  determination of  temperature from the  shape o f  the  re- 

onse funct ions,  Theore t ica l  considerat ions must be used t o  ex t rapola te  

the  measurements downward from the  s a t e l l i t e  a l t i t u d e  t o  the  lower thermo- 

sphere; the  theo r i e s  a t  p resent  a r e  somewhat specula t ive  and should be 

checked and ref ined a s  necessary by use of  a l t i t u d e  p r o f i l e s  obtained from 

sounding rockets .  



- 2 -  

I n  order  t o  engage i n  any meaningful d i scuss ion  o f  a system f o r  col-  

l e c t i n g  lower thermosphere da t a  on a world-wide b a s i s ,  one must f i r s t  decide 

what da ta  a r e  des i r ed ,  and a l s o  what p r a c t i c a l  l imi t a t ions  a r e  t o  be placed 

on the  hardware system. 

we must t a l k  about s a t e l l i t e  systems, a s  only s a t e l l i t e s  can ga ther  da ta  on 

a world-wide bas i s  without encountering unacceptable l o g i s t i c s  problems. 

It might be the  case t h a t  more des i r ab le  observat ions could be made i n  

rockets ,  but a network of rocket  launching s t a t i o n s  t h a t  covers the globe 

cannot r e a l i s t i c a l l y  be contemplated; not  even a t r u l y  world-wide radio- 

sonde network has proved a t t a i n a b l e ,  even though the  l o g i s t i c  support  re- 

quired f o r  t h i s  would be small  compared t o  the  requirements f o r  a rocket  

network. 

I th ink  t h a t  it must be agreed a t  the  o u t s e t  t h a t  

With regard to  the  da ta  t h a t  might be obtained, one can emphasize the  

neu t r a l  atmosphere o r  i t s  ionized component, the  ionosphere. Although one 

should not  contemplate an observing program t h a t  wholly ignores e i t h e r  of 

these,  i t  i s  probable t h a t  t he  s a t e l l i t e  system and the  de ta i led  observa- 

t i ons  w i l l  depend i n  considerable  degree upon whether primary concern i s  

d i rec ted  a t  the  one o r  the  other .  It w i l l  be assumed i n  t h i s  discussion 

t h a t  t he  primary concern i s  with the  neu t r a l  atmosphere, and t h a t  i n t e r e s t  

exists i n  the  ionosphere only t o  the ex ten t  t h a t  i t  inf luences the  behavior 

of the  neu t r a l  atmosphere i n  a s i g n i f i c a n t  degree. 

The da ta  most needed now f o r  the  thermosphere a r e  those t h a t  descr ibe  

the  geographical d i s t r i b u t i o n  of atmospheric cons t i t uen t s  and i t s  time 

var ia t ion .  This need i s  w e l l  i l l u s t r a t e d  by the  unce r t a in t i e s  t h a t  e x i s t  
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concerning the  loca t ion  of  t he  d iu rna l  atmospheric bulge t h a t  occurs a t  

high a l t i t u d e s  due t o  the  e f f e c t s  of  s o l a r  heat ing.  

t o  l i e  a t  the  l a t i t u d e  of t he  subsolar  po in t ,  following the  sun back and 

f o r t h  between the  hemispheres with the  seasons (Jacchia ,  1964). Then ad- 

It was a t  f i r s t  thought 

d i t i o n a l  da ta  made i t  appear t h a t  the  bulge did not  migrate i n  l a t i t u d e ,  

but t h a t  i t  remained centered on the  geographic equator  and t h a t  i t  was 

elongated i n  the  north-south d i r e c t i o n  compared to  the  east-west (Jacchia 

and Slowey, 1966), Next, Keating and P r i o r  (1966) found t h a t  the  atmospheric 

bulge a t  a l t i t u d e s  above 550 km was located i n  the  winter  hemisphere, not 

the  summer, a t  about the  same dis tance  from the  equator a s  the  subsolar  po in t ,  

and they a t t r i b u t e d  t h i s  t o  a temperature maximum a t  temperate l a t i t u d e s  i n  

the  win ter  hemisphere, La ter ,  Keating and P r i o r  (1967) found t h a t  the  winter  

bulge was a t  very high l a t i t u d e  ahd t h a t  i t  was caused, not  by a temperature 
I 

maximum, but by an excess of helium over the  winter  po lar  region. 

whet i s  needed t o  confirm o r  c l a r i f y  t h i s  p i c t u r e  i s  a systematic world-wide 

survey of atmospheric composition, dens i ty ,  and temperature. 

Obviously, 

Sensors 

The most important sensor  t h a t  i s  required i s  a mass spectrometer t o  

measure the  concentrat ion of  var ious atmospheric cons t i tuents .  I t s  importance 

der ives  from the  g r e a t  changes t h a t  take place i n  atmospheric composition 

above 100 km. These i n  t u r n  r e s u l t  from two fac to r s :  t he ' d i s soc ia t ion  of 

oxygen i n t o  atomic form by s o l a r  u l t r a v i o l e t  r ad ia t ion ;  and the  r e l a t i v e l y  

rapid d i f f u s i o n  of atmospheric cons t i t uen t s  through one another so t h a t  each 

cons t i t uen t  becomes d i s t r i b u t e d  i n  the g r a v i t a t i o n a l  f i e l d  a s  i f  the  o thers  

were not present  - a condi t ion genera l ly  re fer red  t o  as d i f f u s i v e  equilibrium. 

The s o r t s  of d i s t r i b u t i o n s  t h a t  p r e v a i l  a r e  indicated i n  Figure 1, which 
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descr ibes  condi t ions approximating those of  the  U. S, Standard Atmosphere 

1962. I n  add i t ion  t o  the  mass spectrometer,  t he  instrumentat ion should 

include a vacuum or  t o t a l  p ressure  gauge. I n  genera l ,  the  bes t  way t o  use 

these  sensors  i s  i n  a spinning vehic le  t h a t  has  i t s  sp in  axis perpendicular  

t o  the  o r b i t  plane so t h a t  t he  sensor  looks d i r e c t l y  i n t o  the  a i r s t ream once 

each vehic le  revolut ion.  Not only does t h i s  s impl i fy  the  da ta  ana lys i s ,  i t  

should a l s o  permit the  determinat ion of atmospheric temperature from the  

shape of the  response p r o f i l e s  f o r  non-reactive species .  

atmosphere, t h i s  is one o f  the  few means of measuring the  neu t r a l  gas t e m -  

pera ture ,  a s  hea t  t r a n s f e r  devices w i l l  not  work. 

I n  such a r a r i f i e d  

Atomic oxygen i s  an 

e spec ia l ly  important cons t i t uen t  t o  measure, and it  i s  e spec ia l ly  d i f f i c u l t  

because of recombination processes i n  the  instrument and even on the  s a t e l -  

l i t e  surface.  To handle t h i s  problem, two mass spectrometers,  one with an 

open i o n  source and one with an edclosed source,  might be advisable .  

A t  the  very l e a s t ,  t he  neu t r a l  gas measurements described above should 

be augmented by a Langmuir probe t o  measure seve ra l  p rope r t i e s  of the  ion- 

e l ec t ron  gas - the  ion  and e l ec t ron  temperatures and the e l ec t ron  ( o r  ion) 

concentrat ion.  These measurements can be r e l a t ed  t o  the energy input  t o  the  

neu t r a l  atmosphere a t  t he  s a t e l l i t e  a l t i t u d e .  S t i l l  o ther  sensors t h a t  

should be included a r e  airglow de tec to r s ,  e spec ia l ly  a t  5577 g t o  monitor 

oxygen recombination and probably a l s o  a t  1216 1 t o  monitor the  atomic hydrogen 

d i s t r i b u t i o n .  

n ight  i s  oxygen recombination, and observat ions of t h i s  l i n e  should prove 

usefu l  i n  developing a f u l l e r  understanding of the  oxygen problem, 

The only known e x c i t a t i o n  process f o r  5577 2 r ad ia t ion  zit 

Figure 2 

shows ca lcu la ted  d i s t r i b u t i o n s  of  atomic oxygen and o the r  cons t i t u t en t s  under 

the  combined inf luence of  molecular d i f fus ion ,  eddy d i f fus ion ,  recombination, 
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and photodissoc ia t ion ,  where the  eddy d i f f u s i o n  c o e f f i c i e n t  has  been assumed 

t o  have a value of 5 x 10 

concentrat ions decrease below 95 km' because of t he  recombination processes.  

Observation of 5577 A r a d i a t i o n  should prove use fu l  i n  fu r the r ing  the  under- 

s tanding of eddy mixing p a t t e r n s  anla l a rge  s c a l e  v e r t i c a l  motions. 

6 cm2 sec-' a t  a l l  a l t i t u d e s .  The atomic oxygen 

0 

The 

measurements should be made with a narrow-field-of-view instrument t h a t  

would observe the  i n t e n s i t y  a t  n ight  a s  t he  f i e l d  of  view sweeps across  the  

horizon. 

but during the  daytime, 

requi r ing  a d i f f u s i v e  flow upward of atomic hydrogen i n  the lower thermo- 

sphere; t h i s  flow is  r e l a t i v e l y  so rapid t h a t  t he  atomic hydrogen d i s t r i b u t i o n  

follows t h a t  of  the  t o t a l  atmosphere up t o  w e l l  above 200 km r a t h e r  than 

achieving d i f f u s i v e  equi l ibr ium a t  a lower a l t i t u d e ,  

Sensors f o r  the  ionosphere, such a s  an ion  mass spectrometer and a re- 

Atomic hydrogen measurements would be made i n  a s i m i l a r  manner, 

Atomic hydrogen escapes from the  upper thermosphere, 

t a rd ing  p o t e n t i a l  i o n  t r ap ,  should a l s o  be included i n  the  payload instrumen- 

t a t i o n ,  but  the  p r i o r i t y  f o r  these instruments i s  not qu i t e  a s  high. 

of s o l a r  u l t r a v i o l e t  de t ec to r s  might a l s o  be o p t i c a l l y  included. 

A s e t  

An important f ea tu re  t o  include i n  the  s a t e l l i t e  i s  da ta  s torage  suf- 

f i c i e n t  t o  permit the  accumulatioq of  da ta  from a t  l e a s t  one complete o r b i t .  

Otherwise, world-wide coverage cannot be achieved, 

Orbi t s  

The optimum type of o r b i t  f o r  world-wide da ta  acqu i s i t i on  i s  one t h a t  

i s  near ly  c i r c u l a r .  I f  an eccen t r i c  o r b i t  were used, the information content  

of  the  da ta  might be j u s t  as g r e a t ,  but i t  i s  much more d i f f i c u l t  t o  c l a s s i f y  

the  da ta  from an eccen t r i c  o r b i t  i n  a meaningful way, and the  s i g n i f i c a n t  
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p a t t e r n s  and v a r i a t i o n s  can be recognized only a f t e r  much in t ens ive  ana lys i s .  

Obviously, t he  use of an e c c e n t r i c  o r b i t  would provide da ta  a t  a v a r i e t y  

of a l t i t u d e s ,  bu t  t h i s  would be a t  the  expense of t i m e  o r  s p a t i a l  r e s o l u t i o n  

a t  a given a l t i t u d e  and i t  leads t o  the p o s s i b i l i t y  o f  confusing d i u r n a l  

v a r i a t i o n s  with geographical and seasonal  v a r i a t i o n s  and t r ave l ing  d i s t u r -  

I 

bances. 

p r i o r i t y  t o  good geographical coverage a t  some reference  a l t i t u d e  even 

though t h i s  must be a t  the expense of obtaining da ta  over a wide a l t i t u d e  range. 

For the  neu t r a l  atmosphere e spec ia l ly ,  i t  i s  important t o  g ive  

If primary a t t e n t i o n  is  focused on the  ionosphere, then there  i s  a g r e a t e r  

requirement f o r  da t a  over a wide a l t i t u d e  range, but  even i n  t h i s  case there i s  

some reason t o  doubt t h a t  as use fu l  a set  of observat ions can be obtained 

from an eccen t r i c  o r b i t  a s  from a c i r c u l a r  o r b i t .  

It i s  of course impossible t 4  obta in  an absolu te ly  c i r c u l a r  o r b i t ,  and, 

even i f  an o r b i t  were c i r c u l a r ,  t he re  would s t i l l  be a l t i t u d e  va r i a t ions  of 

22 km around a polar  o r b i t  because of the  e a r t h ' s  e l l i p s o i d a l  shape. However, 

i f  the o r b i t  i s  near ly  c i r c u l a r ,  the  atmospheric composition da ta  can be , 

re fer red  t o  an average a l t i t u d e  b$ making cor rec t ions  according to  a set of  

d i s t r i b u t i o n  funct ions such a s  those shown i n  Figure 1. As long a s  the 

d is tances  involved i n  the  cor rec t ions  are small ,  the  cor rec t ions  can be made 

wi th  considerable  accuracy. Further ,  i f  the  temperature of t he  neu t r a l  atmo- 

sphere a t  the  s a t e l l i t e  a l t i t u d e  i s  measured, a s  i t  should be, the  cor rec t ions  

can be made according t o  a simple' a n a l y t i c  expression. 

The o r b i t  a l t i t u d e  should be as low as poss ib l e  commensurate with an 

adequate l i f e t ime ,  preferab ly  i n  excess of a year .  

small  heavy s a t e l l i t e ,  or  one w i t h  propulsion c a p a b i l i t y  t o  r ead jus t  t he  

This favors the  use of  a 

o r b i t  from t i m e  to  t i m e .  A l o w  o r b i t  eases the  s e n s i t i v i t y  requirement on tne  
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mass spectrometer and of course.davors the  lower thermosphere a s  the desired 

region i n  which t o  make measurements. There should be no problem i n  keeping 

an  o r b i t  as low a s  300 km, and less than 200 km should be r ea l i zab le  with a 

sa te l l i t e  t h a t  has  propulsion capab i l i t y .  

of vehic le  l imi t a t ions ,  a l i f e t i m e  a s  sho r t  a s  a month might be accepted, 

I f  a compromise i s  needed because 

a s  no a l t e r n a t i v e  scheme appears t o  exist f o r  securing the required da ta ,  

However, t h e  s t a t e  of space technology appears adequate t o  give the required 

o r b i t  and l i f e t ime ;  it i s  pr imari ly  a question of whether o r  not  the resources 

required by t h i s  important problem a r e  made ava i l ab le  o r  not ,  

Very a r b i t r a r y  choices must be made with regard t o  o r b i t  i nc l ina t ion .  

I n  order  t o  avoid changes i n  the  l o c a l  t i m e  of observation and the  r e su l t an t  

p o s s i b i l i t y  of confusing seasonal and local-t ime v a r i a t i a n s ,  an 83O retrograde 

o r b i t  might be chosen; t h i s  o r b i t  precesses i n  such a way a s  t o  maintain a 

f ixed o r i e n t a t i o n  r e l a t i v e  t o  the  sun, o r  a fixed l o c a l  t i m e  f o r  observations 

a t  any p a r t i c u l a r  po in t  i n  the  o r b i t .  

near 2:00 and 8:OO o'clock would give r a t h e r  systematic and reasonably com- 

Two s a t e l l i t e s  crossing the equator 

p l e t e  global  coverage. This would give four observations a day above any 

poin t  on the  e a r t h ' s  sur face ,  and t h i s  i s  about t he  minimum s u f f i c i e n t  t o  

map such f ea tu res  a s  the  d iu rna l  bulge. These o r b i t s  could be usefu l ly  sup- 

plemented by a t h i r d  o r b i t  of low inc l ina t ion ,  30 o r  less, t o  give improved 0 

coverage i n  l o c a l  time; however, t h i s  should car ry  lesser p r i o r i t y  than the 

two high i n c l i n a t i o n  o r b i t s .  

Rockets 

The most important p a r t  of fhe thermosphere i s  probably the  very lowest 

p a r t ,  t h a t  which l i es  roughly between 80 and 120 km. Here is where most of 

the  chemistry occurs t h a t  s i g n i f i c a n t l y  inf luences the neut ra l  atmosphere a t  
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higher  a l t i t u d e s ,  It i s  also her? t h a t  the  t r a n s i t i o n  takes  p lace  from a 

mixed atmosphere t o  one i n  d i f fue ive  equi l ibr ium, o r  where eddy and mole- 

cular d i f f u s i o n  compete with one +nother. However, s a t e l l i t e s  cannot f l y  

this  low. 

t i t u d e a  and then make use of the ca lcu la ted  d i s t r i b u t i o n s ,  such a s  those 

ind ica ted  i n  Figure 2 ,  f o r  downward ex t r apo la t ion  of the measure quan t i t i e s .  

A l l  one can do w i t h  sa te l l i t e  i s  make observat ions a t  higher  a l -  

One might imagine t h a t  i t  i s  an i d e a l  t a s k  f o r  rockets  t o  map the  80 

to  120 km region, but  t h e r e  a r e  two l imi t a t ions .  The f i r s t  has a l ready been 

mentioned - t o  map on a world-wide b a s i s  with rocke ts  is  imprac t ica l  because 

thousands of  f i r i n g s  would be required a t  hundreds of launching sites. 

second l i m i t a t i o n  is t h a t  instrumentat ion has not been developed s u f f i c i e n t l y  

t o  make the  cr i t ical  i n - s i t u  observat ions of composition a s  low a s  80 km 

i n  the  n e u t r a l  atmosphere, 

the  instrumentat ion i n  t h i s  regard,  but  the  p o s s i b i l i t y  of making the  c r i t i c a l  

i n - s i t u  measurements of compositiion i s  specula t ive  a t  best .  

The 

E f f o r t s  should of  course be expended t o  improve 

The appropr ia te  role of  rocqets  i n  the  world-wide acqu i s i t i on  of lower 

thermosphere da t a  should be to  od ta in  v e r t i c a l  p r o f i l e s  from the  lowest a l -  

t i t u d e s  poss ib le  up t o  the  sa te l l i t e  a l t i t u d e  a t  a few locat ions.  

must be t e s t ed  by such comparisons, and improved where poss ib le ,  But we 

must i n  the  long run count on the  theo r i e s  f o r  adequate ex t rapola t ion  from 

l 
The theo r i e s  

I 

the  s a t e l l i t e  a l t i t u d e  t o  the baqe of  the  thermosphere t o  provide most of  our  

information, This ex t r apo la t ion  can be augmented by some forms of remote sensing,  
I 

such a s  the airglow measurements 

appear t o  have p o t e n t i a l  f o r  remote sensing near  t he  base o f  the  thermo- 

Some types of microwave radiometers a l s o  ‘I 

I 
sphere;  these  scan across a s t rong  atmospheric absorpt ion l i n e ,  and a tem- 

pera ture  p r o f i l e  can be deduced @om the  observations.  
I 
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Another important r o l e  f o r  rockets  is  of course t o  descr ibe  the pat-  

t e r n s  of wave dynamics, p a r t i c u l a r l y  on a cont inenta l  sca le .  

should be made t o  recognize per tqrba t ions  a t  sa te l l i t e  a l t i t u d e s  t h a t  r e l a t e  

Attempts 

t o  typ ica l  pa t t e rns  of dynamical behavior near  t he  100 km leve l .  

Vehicle 
I 

I 

Goddard Space F l i g h t  Center pas s tudied the  f e a s i b i l i t y  of using a 

Tiros vehic le  f o r  upper atmospher'ic measurements, Owing t o  a considerable 

i n t e r e s t  i n  t h e  ionosphere, t h i s  study emphasized the  use of a highly ec- 

c e n t r i c  o r b i t ,  However, the system would be i d e a l  f o r  c i r c u l a r  o r b i t  measure- 

ments, as it can be spun about an a x i s  perpendicular t o  the o r b i t  plane,  I;nd 

enough propulsion capab i l i t y  i s  included i n  the  concept t o  p e r m i t  severa l  

adjustments of the  o r b i t .  The system includes the capab i l i t y  of reor ien t ing  

the  sp in  a x i s  by magnetic i n t e rac t ions  with the  geomagnetic f i e l d ,  and 

t h i s  i s  required if the  sp in  i s  t o  be kept perpendicular t o  the o r b i t  plane 

a s  the  o r b i t  precesses. 

Conclusion 

A systematic c o l l e c t i o n  of da ta  from the  lower thermosphere is  urgently 

needed and could be acquired w i t b  p resent ly  ava i lab le  technology i f  the  

necessary resources  were made ava i l ab le  f o r  t h i s  important problem. It i s  

very surpr i s ing  t h a t  i n  the  t en th  year  of t he  s a t e l l i t e  age so few da ta  on 

the  geographic d i s t r i b u t i o n s  of  atmospheric cons t i tuents  a t  high a l t i t u d e s  

are ava i lab le .  Unless an efforticomparable t o  the  one described here  i s  

undertaken soon, we w i l l  probabl4 find a near ly  t o t a l  ignorange of  the  
I 

l a rge  sca l e  pa t t e rns  of thermospheric behavior s t i l l  with us f i v e  years  o r  

more hence, 

This research 

Administration gra  

uppbrted under National Aeronautics and Space 
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